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luminal GFP cargo. Shortly
afterward, the cell underwent
abscission on the side of the
midbody where the vesicles had
accumulated. Interestingly, this
asymmetric division caused only
one of the two daughter cells to
inherit the midbody, which then
seemed to persist in the cell for a
considerable amount of time.
These studies raise the
question of how vesicle fusion
closes the gap in the plasma
membrane to bring about
abscission. One possibility is that
homotypic vesicle fusion events
build a new plasma membrane
from the inside out much like
plant cells. Most likely, electron
microscopic studies will be
required to address this issue.
Further studies suggest that the
vesicle trafficking events may be
complex, since endocytosis is
also required for completion of
cytokinesis [11], and both
endocytosis and exocytosis may
act in a coordinated manner [3].
Another question concerns how
the timing of the final vesicle
fusion events and abscission is
determined. Because of the
similarity between centriolin and
Nud1/Cdc11, a component of the
mitotic exit network (MEN) and
septation initiation network (SIN),
it is tempting to speculate that
mammalian homologs of MEN/SIN
components may regulate the
process of abscission. 
Additional questions raised by
this study include, for example,
what is the mechanism and the
significance of the asymmetric
cell cleavage on one side of the
midbody? There are other
examples of asymmetry in
cytokinesis signaling. Centriolin
itself localizes to the maternal but
not the daughter centriole [9].
Similarly, one study has shown
that the maternal centriole moves
into the midbody region just prior
to abscission [12], although this
was not consistently observed by
Gromley and colleagues [2]. Here
again the similarity of centriolin to
Nud1 and Cdc11 is intriguing
because both the MEN and SIN
pathways show asymmetric
activation at one of the two
spindle pole bodies. It will be
interesting to determine whether
there is any correlation between
the cell that inherits the midbody
and the age of its centrosome. In
addition, it is unclear why the cell
would divide in this manner. Is
there some advantage for the cell
to cleave in this way? Does the
asymmetric inheritance of the
midbody make the two daughter
cells different in any way? All of
these questions will be important
to address in future studies.
Clearly the midbody has come out
of the wilderness and should be
an active topic of research for
years to come.
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No-Go for Plasticity
Normally, the brain can be shaped by sensory experience only during a
so-called critical period early in life. Recent research has shed light on
the factors determining the end of the critical period, and on how
cortical plasticity might be re-established in adulthood.Frank Sengpiel
And he took the blind man by the
hand, and led him out of the
village; and when he had spit on
his eyes and laid his hands upon
him, he asked him, “Do you see
anything?” And he looked up and
said, “I see men; but they look like
trees, walking.” Then he laid his
hands upon his eyes; and he
looked intently and was restored
and saw everything clearly. 
— Mark 8, 23–25.
It is a well-known dogma of
neuroscience that the adultmammalian brain has little or no
capacity to regenerate or repair
after injury. Equally, if adequate
stimulation is lacking during a
critical or sensitive period in early
childhood, certain cortical
functions, such as sight or
language, will never develop
properly later on. Now, several
converging lines of research
suggest that the ability of the
brain to undergo regeneration or
plastic changes does not simply
fade away as we grow older, but
is actively inhibited, and that a
number of the factors which
prevent regeneration in the adult
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R1001brain are also involved in the
closure of the critical period. The
dual role of one of those
inhibitors, the myelin-associated
protein Nogo-A (Nogo for short), is
highlighted in a recent study of
experience-dependent plasticity
in the mouse visual cortex [1].
Nogo-A was first discovered in
the myelin sheath of spinal-cord
axons, where it is located on the
periaxonal side, in close proximity
to the axons. It is recognized by
the Nogo receptor NgR, which is
present on the extracellular side
of the neuronal membrane.
Intracellular signalling appears to
be mediated through the low-
affinity neurotrophin receptor p75,
with which NgR forms a complex
and through which it activates the
Rho pathway (Figure 1). The
GTPase Rho and its effector, Rho
kinase (ROCK) are important
regulators of the actin
cytoskeleton, and their activation
causes growth cone collapse and
inhibits axonal growth [2]. Hence,
Nogo is a major contributor to the
failure of the spinal cord to
recover from injury, despite some
initial axonal sprouting [3]. But
what do Nogo and NgR have to
do with experience-dependent
plasticity of the visual cortex?
Quite a lot, according to the latest
study from Strittmatter’s lab [1].
In the past few years, a number
of papers have addressed the
question: what is critical about the
critical period? In particular, what
makes the visual cortex more or
less insensitive to gross changes
in visual experience after a certain
age? The standard experimental
paradigm of visual cortical
plasticity is monocular deprivation,
the prevention of vision through
one eye by lid suture. During the
critical period, this intervention
causes profound loss of vision
through the affected eye, resulting
in a condition known as amblyopia
or ‘lazy eye’. Cortical neurons
previously responsive to visual
stimulation of either eye lose their
input from the deprived eye; they
shift their so-called ocular
dominance towards the open eye.
After the critical period monocular
deprivation has no such effects.
McGee and colleagues [1]
tested the hypothesis that
intracortical myelin, via Nogo/NgR,Figure 1. Regulation of
neurite growth in
mammalian central
nervous system.
Nogo-A as well as myelin-
associated glycoprotein
(MAG) and oligodendro-
cyte myelin glycoprotein
(OMgp) interact with the
NgR–p75 receptor
complex and activate the
Rho/ROCK pathway.
CSPGs also exert some of
their growth-inhibitory
effects through this
pathway, although the
exact mechanism of trans-
membrane signalling is
unclear [17]. Neu-
rotrophins (NT) binding to
Trk receptors can block
the inhibition of neurite growth either by inactivating Rho or by triggering transcription
of Arginase I (Arg I), resulting in increased synthesis of polyamines [18].
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Current Biologyblocks cortical plasticity by
inhibiting neurite outgrowth,
similar to the way it blocks axonal
regeneration after spinal cord
injury. They first characterized the
density and laminar distribution of
NgR and its ligands in mouse
visual cortex. While total levels of
myelin as well as of NgR increased
only slightly during the critical
period, layer 4 (where inputs from
the two eyes arrive) showed the
greatest increase in myelin. They
then assessed the effects of four
days of monocular deprivation in
normal mice as compared with
mutants lacking either Nogo-A [4]
or NgR [5]. Normally reared mutant
mice exhibited normal responses
to visual stimulation and a normal
ocular dominance profile. When
monocularly deprived during the
critical period (starting at age 24
days), they showed the same shift
in ocular dominance towards the
open eye as wild-type mice.
Crucially, when monocular
deprivation was imposed after the
end of the critical period (aged 45
days), as determined in normal
mice, the mice lacking Nogo or
NgR exhibited an undiminished
ocular dominance shift, while the
wild-type mice showed no such
shift. This result did not simply
reflect a delay in the time course
of the critical period, as a
pronounced ocular dominance
shift was seen even when
deprivation was imposed in four-
month-old mice. The absence of
either Nogo or NgR thus prevents
the closure of the critical periodand preserves plasticity, perhaps
indefinitely.
McGee and colleagues [1]
further addressed the question:
which signalling pathways might
mediate the Nogo/NgR effects on
cortical plasticity? We are now
beginning to understand that the
maturation of inhibitory circuitry in
the cortex — where transmission
is mediated by γ-amino butyric
acid (GABA) — which somewhat
lags behind excitatory
connections, is crucial in
controlling both the opening [6]
and closure of the critical period.
Moreover, towards the end of the
critical period, chondroitin
sulphate proteoglycans (CSPGs)
in the extracellular matrix
aggregate and form perineuronal
nets, primarily around
parvalbumin-positive inhibitory
neurons, thus contributing to the
blockade of neurite outgrowth
[7,8] and visual cortical plasticity
[9]. Additionally, the extracellular
protease tissue plasminogen
activator (tPA) is known to play a
role in monocular deprivation
effects and their reversal [10],
either directly or through
activation of plasmin. CSPGs are
among the many targets of these
enzymes, which appear to be key
regulators of dendritic spine
motility, critical for synaptic
plasticity [11,12]. Interestingly, the
Nogo/NgR-dependent regulation
of visual cortical plasticity does
not seem to involve a change in
GABAergic inhibition or tPA
activity, as parvalbumin and tPA
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R1002immunoreactivity are normal in
NgR knock-out mice [1].
Therefore, Nogo/NgR must act
either independently or further
downstream in the signalling
cascade.
The implications of this work are
more far-reaching than just adding
to a growing body of evidence of
what controls plasticity in the
central nervous system.
Knowledge of what prevents it in
adulthood offers the opportunity
to develop therapeutic strategies
to overcome this inhibition. These
might entail inactivation of Nogo
with antibodies or fusion proteins
[13,14] or blockade of NgR with a
peptide derived from the first 40
amino acids of the Nogo-66
binding region of Nogo [15], or
modifications of the extracellular
matrix [9]. Potential applications
include not only regeneration of
severed nerves but also treatment
of, for example, amblyopia. This is
still the most widespread
developmental disorder of vision,
affecting 2%–4% of the
population, and in case of
persistence into adulthood is a
significant risk factor for blindness
in the case of an individual losing
sight in the other eye. In the UK
alone 370 patients suffered vision
loss in the non-amblyopic eye
during a two-year period, 86 of
whom were severely visually
impaired or blind [16]. If we were
able to re-establish visual corticalAlexander F. Schier
During the earliest stages of
development, the genome is
transcriptionally silent, and the
embryo lives off gene products
that are deposited into the
developing egg during oogenesis.
A small number of these maternal
gene products serves as
determinants that control
embryonic patterning. In some
Axis Formation: S
into Focus
Gene products provided by the moth
body axes in most animals. A recent
the TGFβ signal Squint is one such fplasticity in adulthood, this would
provide a chance to restore vision
in an amblyopic eye after the end
of the critical period. But a
question that will need to be
addressed beforehand is this: is
there a good reason for plasticity
to be limited in the mammalian
brain, and what will be the price to
pay for allowing plasticity in
adulthood?
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posterior pole, the site of germ
cell formation [2]. In both cases,
maternal gene products become
asymmetrically localized and thus
provide positional information that
is used to determine specific cell
types. Sampath and colleagues [3]
now describe a maternal mRNA
that is asymmetrically localized in
the early zebrafish embryo.
Early embryological
manipulations have suggested
that maternal determinants are
localized asymmetrically in
vertebrates [4,5]. Amphibian and
fish eggs often are polarized along
the animal–vegetal (top–bottom)
axis. Moreover, bisecting
amphibian embryos during early
cleavage stages can result in two
